lines and two distinct components were seen in the electron density map. One is a component with a density of 100-350 cm −3 , which encloses two H ii regions, Car I and Car II. The other is an extended diffuse component, in which the ratio of the [O iii] lines is nearly at the low electron density limit (ne < 100 cm −3 ). The observed [N iii]/[O iii] line intensity ratio also supports low electron density of the extended gas component. The diffuse component was detected in the entire observed region, which corresponds to ∼30 pc at the distance of the Carina nebula. The present LWS observations of the ionic lines indicate the existence of highly-ionized diffuse gas of low electron density extending around the Carina nebula.
Introduction
The Carina nebula is one of the most active regions on the Galactic plane. It covers an area of about 4
• × 4
• in visual wavelengths. The brightest region of the nebula has a triangular shape with two bright H ii regions, known as Car I and II. This region has several star clusters consisting of early-type stars and Wolf-Rayet stars (for reviews, see Walborn 1995 and Feinstein 1995) . The most influential clusters are two OB star clusters, Trumpler (Tr) 14 and 16. These clusters contain numerous early O-type stars. Tr 14 is a compact star cluster situated adjacent to the western dust lane and Tr 16 is an open cluster centered at the vertex of the dust lane. An IR bright star η Car is a member of Tr 16. Tr 14 and Tr 16 are major heating sources in this region. According to the picture commonly accepted, Car I is excited by the star cluster Tr 14 and Car II by Tr 16 (Harvey et al. 1979 ).
The Carina nebula has been observed in various wavelengths and the spatial structure and kinematics of the nebular cloud have been studied extensively. In the radio continuum, there are two strong thermal emission peaks, Car I and Car II (Gardner & Morimoto 1968) lying within a widespread thermal component (Gardner et al. 1970; Retallack 1983) . High-resolution radio observations show the filamentary nature of the surrounding emission (Whiteoak 1994 ). Molecular gas is concentrated in the dark lane which causes optical obscuration. CO observations indicate the presence of massive molecular clouds (Grabelsky et al. 1988 ) and the complex clumpy morphology of the molecular gas in the Carina region (de Graauw et al. 1981; Whiteoak & Otrupcek 1984; Cox & Bronfman 1995; Brooks et al. 1998 ). Far-infrared emission associated with the dust lane has also been observed (Harvey et al. 1979; Ghosh et al. 1988) . The velocity structure is explained by a model of molecular gas surrounding the ionized gas and expanding at about 7 km s −1 from a point 15 southwest of η Car (Dickel 1974) . Optical observations show strong line splitting near Car II, suggesting that the ionized gas is expanding at 25 km s −1 (Deharveng & Maucherat 1975) . The Carina complex is one of the most fascinating and puzzling objects in the Galaxy and it is suitable for the study of the physical conditions of diffuse interstellar medium associated with OB clusters. The distance to the Carina nebula is estimated as about 2.7 kpc (Grabelsky et al. 1988) . The Long Wavelength Spectrometer (LWS; Clegg et al. 1996) on board the Infrared Space Observatory (ISO; Kessler et al. 1996 ) offers a unique capability of measuring the spectrum in the far-infrared wavelength range. The bulk of energy emitted by interstellar dust has its peak in the far-infrared and a number of spectral lines from the gaseous species of interstellar medium (ISM) are also seen in this spectral range. Spectral observations in the far-infrared wavelengths will thus provide important information in the study of the diffuse ISM.
In the guaranteed time observation TONAKA. WDISM1, we have made mapping observations with the LWS in order to investigate the nature of diffuse ISM of this region. In this paper we report on the results of two [O iii] lines (52, 88 µm), one [N iii] line (57 µm), and one [N ii] line (122 µm), and discuss the properties of the ionized gas emitting these lines.
Observations and data reduction
The observed region is a rectangular area of the central part of the Carina region of l = 287.
• 0-287.
• 65 and b = −0.
• 78-−0.
• 23. It covers approximately an area of 40 ×20 , which encloses two well-known H ii regions, Car I and Car II, and a famous IR bright star, η Carina. Figure 1 shows the visual image of the observed region from the Digital Sky Survey 1 . In the eastern part of the observed region (l > 287.
• 3), the H ii regions are located in front 1 Based on photographic data of the National Geographic Society -Palomar Observatory Sky Survey (NGS-POSS) obtained using the Oschin Telescope on Palomar Mountain. The NGS-POSS was funded by a grant from the National Geographic Society to the California Institute of Technology. The plates were processed into the present compressed digital form with their permission. The Digitized Sky Survey was produced at the Space Telescope Science Institute under US Government grant NAG W-2166. of molecular clouds, while in the western part the nebula is behind the molecular clouds. CO (J = 2-1) line observations suggest the spatial structure of an extended molecular cloud wrapped partly around bright H ii regions (de Graauw et al. 1981) .
The observations were made with the LWS on board the ISO in the full grating scan mode (LWS01: 43-197 µm) . The LWS was operated in the raster scan mode with a step of 180 and 6 raster observations were executed to cover the target 132 positions. The spectrum at each position was obtained by averaging over 4 individual spectral scans and the total exposure time for each grating position was 0.5 s. The spectral resolution was approximately 200 and the beam size was approximately 80 (Burgdorf et al. 1997; Gry 2000) . Thus the present observations provide an undersampling map.
In addition to the main mapping observation of the Carina nebular region, we also made observations in the same observing mode at 4 outer positions; (l, b) = (287.
• 306, +0.
• 498), (287.
• 356, +0.
• 831), and (287.
• 831). These data were reduced in a similar manner.
We have used the pipeline OLP.8 version products for the present study. The spectra were defringed by our own software, which was developed based on the ISO Spectral Analysis Package (ISAP 2 ) subroutines. After rebinning and averaging over 4 scans, the line intensities were derived from the Gaussian fit of the line profile by the leastsquares method, assuming that the baseline was linear. An upper limit of the undetected line intensity was estimated from the Gaussian of the instrumental spectral width with a peak height of the statistical error calculated in the averaging process of each scan.
The accuracy of absolute calibration is estimated as 30% (Gry 2000) . The calibration of the LWS is based on the point source observations and therefore the intensities of extended sources have to be corrected for the beam size effect. We adopted the beam sizes and the extended source correction factors provided by Gry (2000) .
Results

Intensity distributions
In the observed spectra several ionic and atomic finestructure lines, such as [OIII]
[NIII]
[OIII]
[NII] listed with the errors in the parentheses. The errors come mostly from the uncertainty in the estimate of the baseline and do not include the uncertainty in the absolute calibration of 30%. Relative uncertainties among the detector channels can be estimated from the gaps seen in the continuum flux (see next subsection). For the [O iii] 88 µm line, we use the SW5 channel data rather than the LW1 data because the SW5 data have a higher spectral resolution and the Gaussian fit can be made with better accuracy.
Based on the observed spectra, we classify the observed area into three different regions: the highly ionized optically bright region (l > 287.
• 3, b < −0.
• 4), the region surrounding the Carina Nebula (b > −0.
• 4), and the molecular cloud region extended in the western side of the observed area (l < 287.
• 4) (see Fig. 1 ). Typical spectra of the three regions are shown in Fig. 2 . The spectrum of the optically bright region shows strong fine-structure lines, [O iii] 52, 88 µm and [N iii] 57 µm (Fig. 2a) . The spectrum of the surrounding region has similar spectral characteristics, but its brightness is about 1/10 of the optically bright region (Fig. 2b) . In the direction to the molecular cloud region, in which strong absorption has been observed in optical wavelengths, the continuum peaks at longer wavelengths and the [O iii] and [N iii] line intensities become weaker than in the optically bright region (Fig. 2c) . • 4, −0.
• 63), (287.
• 4, −0.
• 68), (287.
• 25, −0.
• 63), and (287.
• 68), the observations were executed twice and the averaged values were adopted for the line intensities. have similar ionization potentials (35.1 eV and 29.6 eV). Their emission has two peaks; one at the center of Car I (l = 287.
• 405, b = −0.
• 637) and the other at the center of Car II (l = 287.
• 555, b = −0.
• 636). The bright IR star, η Car, is located in the grid next east of the Car II peak and it was observed within the LWS01 80 beam at the grid position. Car I is believed to be excited by Tr 14 OB stars and there is an ionization front near the border between the H ii region and the molecular cloud. The Car I peak of [O iii] a The numbers in the parentheses indicate the errors (1σ), in which the absolute error of 30% is not included. b The numbers in the parentheses indicate the upper and lower limits of the estimated electron density. The value of zero indicates that the lower limit is not constrained. Only the upper limit is given when the line ratio is less than the theoretical limit. The spatial distribution of [O iii] and [N iii] ionic lines indicates that there is an ionized region enclosing Car I and Car II. However, these lines have also been detected clearly outside the optically bright H ii regions. They are observed even in the dust lane in the western side of the observed area which shows strong absorption in visual wavelengths, indicating the presence of extended ionized gas around the Carina nebula.
The intensity map of the [N ii] 122 µm line (Fig. 3d ) shows a slightly different spatial distribution. It peaks at the center of Car I and II, but the strongest emission is seen at the center of the observed region, (l, b) ∼ (287.
• 35, −0.
• 67), around the border of the H ii region and the molecular cloud. It is also detected clearly in the surrounding region, supporting the existence of the extended ionized gas around the Carina nebula. 
The electron density
The electron density of the ionized gas can be derived from the ratio of the two [O iii] lines (e.g., Moorwood et al. 1980) . If the lines are optically thin, the line intensity ratio is given by
where A 21 and A 10 are the Einstein coefficients for spontaneous radiative transition, and n 2 and n 1 are the upper level populations for 52 µm and 88 µm emissions, respectively. The fractional populations can be calculated as a function of temperature and density of electron, ignoring the small effect of stimulated emission (Simpson 1975) . Figure 6 shows the line ratios calculated by Eq. (1) for T e = 5000 K, 7500 K, and 20 000 K. The ratio does not sensitively depend on the assumed gas temperature for the low electron density (n e ≤ 100 cm −3 ). For the collisional coefficients, we adopted the values calculated by Aggarwal et al. (1982) . We calculate the electron density assuming the gas temperature of 7500 K as a typical value for H ii regions.
In Fig. 7 the histogram of the [O iii] line ratio is plotted for three regions separately. The errors in the line ratio are less than 15% for the optically bright ionized region (a) and the surrounding region (c) except for the η Car position. The errors are typically 20-30% for the molecular cloud region (b). The optically bright ionized region has relatively large ratios compared to the other two regions, which are in the range 0.4-2.0. About half of the positions in this region have the electron densities between 100 and 300 cm −3 , corresponding to the ratio of 0.85-1.4.
The derived electron density map is shown in Fig. 8 and the values are listed in Table 1 . In the electron density column, the upper and lower limits are also indicated in parentheses and take into account the uncertainty in the line ratio. For the surrounding region, the ratio ranges 0.5-1.1. For about a half of the positions in this region • 3, b < −0.
• 4); b) for the molecular cloud region (l < 287.
• 4); c) for the surrounding region (b > −0.
• 4).
the ratio is just above the low density limit (0.57), and the electron density of these positions cannot be well determined. Except for two positions the electron density in this region is less than 100 cm −3 (see Table 1 ) and the mean electron density is derived to be ∼50 cm −3 . The low electron density gas is also seen both in the molecular cloud and optically bright regions. The [O iii] 52 µm to 88 µm intensity ratio is lower than the theoretical lower limit 0.57 at 19 observed positions. The lower tail (the ratio of 0.40-0.57) of the histogram in Fig. 7 can be attributed to the measurement errors. Some of the positions show a significantly low line ratio (<0.4). All of them correspond to the positions with weak intensities and the low ratio may be ascribed to the measurement errors. We examine possible effects of the calibration errors and the interstellar extinction below.
The derived electron density depends primarily on the relative calibration between the corresponding bands, but not on the absolute calibration. The discrepancy between adjacent detectors seen in Fig. 2 can be attributed to the uncertainties either in the sensitivity, the spatial brightness distribution in the beam, or the dark current of each detector. In case of bright objects like the Carina nebula, the uncertainties in the sensitivity and/or the brightness distribution in the beam are supposed to be dominant compared to the dark current uncertainty. The uncertainties can be estimated from the gaps in the continuum flux. If the continuum level of the channel for [O iii]88 µm (SW5) is scaled to that for [O iii]52 µm (SW2) to correct the gaps, the scaling factor ranges 1.0-1.3, depends on the line of sight, except for the positions of η Car and (l, b) = (287.
• 055, −0.
• 286). At the latter position, the factor is 0.98 and the scaling will not affect the results. Therefore, the line ratio would further be reduced and the corresponding electron density would be decreased if we apply the scaling. In the present analysis we do not correct the gaps between the detectors and thus the present results should be upper limits in this sense.
The correction for extended sources increases the [O iii] 52 µm to 88 µm ratio by a factor of 1.28. Compared to the original data, this correction increases the electron density. It is unlikely that the errors in the extended source correction factor affect the [O iii] line ratio largely because the wavelengths of the two lines are not significantly different.
The uncertainty in the collisional coefficients affects the estimation of the electron density. In the low density limit, ignoring the collisional de-excitation process, the ratio of the populations in the fine-structure levels of [O iii] can be written as
where n 1 and n 2 represent the population numbers, A 1 and A 2 are the Einstein coefficients, and q 01 and q 02 are the rate coefficients for collisional excitation for 3 P 1 and 3 P 2 fine-structure levels, respectively. Then, the intensity ratio becomes:
Lower limits of the [O iii] line intensity ratio for T e = 10 000 K are derived as 0.563, 0.475, and 0.591, for the collision strengths provided by Aggarwal et al. (1982) , Bhatia et al. (1979) , and Osterbrock (1974) , respectively. The errors in the theoretical low density limit may be in the range 10-20%, but they are unlikely to explain the data points below 0.4. If we take the coefficients by Bhatia et al. (1979) , the mean electron density of the surrounding region becomes 90 ± 50 cm −3 . The derived upper limit of the density is not significantly affected by the errors of the collision coefficients in the range considered here.
According to the investigations based on the IRAS or COBE/DIRBE data, the effect of the interstellar extinction is negligible in this direction in FIR wavelengths (Sodroski 1994 (Sodroski , 1997 . However, the estimate is made under the assumption of the presence of a single temperature dust component along the line of sight. If there is a cold dust component, the optical depth τ 100 may have been underestimated. The amount of the cold dust component on the line of sight may be able to be estimated from CO observations. According to Drain & Lee (1984) , the extinction optical depth τ ext can be given by
and
where N H is the column density of the hydrogen nuclei. It can be estimated by the observed CO(J = 1-0) intensity as
where X is the conversion factor between the H 2 column density and 12 CO(J = 1-0) intensity, and is assumed to be 3 × 10 20 mol cm −2 K −1 km −1 s (Sodroski et al. 1997) , and W CO is the observed 12 CO(J = 1-0) intensity integrated over the velocity along the line of sight. From Eqs. (4)- (6) we have τ ext (50 µm) ∼ 4τ ext (100 µm) ∼ 1.5 × 10 −3 W CO . The high-resolution 12 CO(J = 1-0) observations by Brooks et al. (1998) indicate that the molecular gas in the Carina region has clumpy morphology and the maximum integrated intensity seen is 200 K km s −1 at (l, b) = (287.
• 37, −0.
• 63). With W CO = 200 K km s
and τ ext (50 µm) = 0.3 the line ratio would be decreased by 25% if the line emitting gas is located behind the molecular gas. Outside of this peak, however, the integrated intensity is mostly less than 100 K km s −1 . The low-resolution map by the Columbia survey (Grabelsky et al. 1988) does not show any other intensity clumps. Particularly the integrated intensity in the optically bright region and the surrounding region is much less than 20 K km s −1 , indicating that the extinction should be negligible at 50 µm. The conversion factor X varies with the environments and/or the galactocentric distance (e.g., Arimoto et al. 1996; Sodroski et al. 1997) . However, the variation in our Galaxy is ±30%, and it does not affect the conclusion. At the positions where a large CO clump was observed (Brooks et al. 1998) , the line ratios are always lower than 0.4. The optical depth at 50 µm could be large there and we can attribute the low ratio to the dust extinction. There are a few other positions where a low line ratio was observed. No CO clumps have been reported toward these positions. We cannot rule out the possibility that some clumpy high-density gas intervenes the emission in these particular lines of sight. We do not have clear explanations for the points of significantly low line ratio (<0.3). They all correspond to the positions of very faint [O iii] emission and the measurement errors may partly be responsible for the low ratio. In general, the extinction should not make significant effects on the derived electron density for most of the observed positions based on the FIR and CO observations. Therefore, the low electron density derived in the molecular and surrounding regions is rather a secure conclusion.
Discussion
Distribution of the ionized gas
Two distinct components can be seen in the electron density map (Fig. 8) . One is the relatively high density region enclosing Car I and Car II. We call this component "core ionized region". It corresponds to the optically bright region or the region of strong radio emission (Gardner et al. 1970) . The electron density of this region is in the range 100-350 cm −3 except for two positions with n e ≥ 400 cm −3 ; one is the closest to η Car, and the other is next east to Car I. At the η Car position, we observed η Car in the LWS 80 beam and the density should be affected by the gas surrounding η Car.
Observations of optical forbidden lines indicate n e = 250−500 cm −3 in the nebula around η Car (Peimbert et al. 1978) , while the electron densities towards the Carina nebula have been derived to be 50−320 cm −3 from Si ii λ1304.4 observations (Walborn et al. 1984) , 30−100 cm −3 from C ii λ1335.7 and λ1334.5 observations (Walborn & Hesser 1982) , and larger than 300 cm −3 from UV observations of C i fine-structure lines (Walborn et al. 1998) . They are in fair agreement with the present results for the core region.
Previous far-infrared observations have shown that several H ii regions, such as M17, W51, and NGC 7538, have electron densities of the order of 10 2 -10 4 cm −3 (Watson et al. 1981; Moorwood et al. 1980) . The electron density of the optically bright region is in the lower end of the range, suggesting that the Carina nebula is an evolved diffuse H ii region. Using the derived electron density, the extension of the ionized gas along the line of sight can be estimated. If we assume that the line is optically thin, the observed line intensity is given by
where L is the path length along the line of sight, A is the Einstein coefficient, f (n e ) is the fractional population of the ion excited in the upper level, and χ is the total elemental abundance of the emitting species relative to the hydrogen nuclei. The fractional population f (n e ) is a function of n e and determined by the balance of the collisional excitation, de-excitation, and the spontaneous decay (Osterbrock 1989) . For the [O iii] 88 µm transition it is approximately proportional to n e for n e < 1000 cm −3 . If we assume the abundance of oxygen relative to hydrogen (χ = 6.6 × 10 −4 ), ignoring the depletion in the highly ionized gas, and take the mean intensity of 6.3 × 10 −6 W m −2 sr −1 for the [O iii] 88 µm line in the optically bright region, the corresponding gas extension on the line of sight L becomes 0.4-4 pc for n e = 100-350 cm −3 , taking account of the absolute calibration uncertainty of 30%. If we take the abundance determined by optical observations (Peimbert et al. 1978) , L becomes by 40% larger. The line-of-sight extension is slightly smaller than the spatial distance between the positions of η Car and the center of the Car I (∼10 pc). Thus the core ionized gas component is associated with Car I and Car II.
The other component seen in Fig. 8 is an extended low-density (ELD) ionized gas distributed all over the observed area. As discussed in the previous section, neither the possible calibration errors, the uncertainties in the collision coefficients, nor the extinction affects the low value of the derived electron density. The present results clearly indicate the presence of highly-ionized lowdensity (n e < 100 cm −3 ) gas extending around the Carina H ii region.
The mean electron density of the surrounding region is about 50 cm −3 . If we take the mean intensity of the surrounding region of 4.5 × 10 −7 W m −2 sr −1 as a representative value, the typical path length L becomes 0.8 pc. The extended ionized gas is spread over the entire observed area, which corresponds to 30 pc at the distance of the Carina nebula, indicating that the ionized gas is distributed in very thin sheets or filamentary structures. The filamentary nature of the ionized gas in the Carina region has also been suggested by optical observations (Smith et al. 2000) . At 6 positions with the electron density of less than 20 cm −3 , the path length L becomes larger than 3 pc, suggesting a possibility that lower-density (n e < 20 cm −3 ) ionized gas is distributed over the observed area superposed on the filamentary structures. The detection of the
• (Fig. 5a ) also suggests that the diffuse O 2+ gas is distributed in a scale larger than 50 pc.
Radio observations at 0.834 GHz by Whiteoak (1994) Spitzer (1978) and thus contributes to 30-50% of the observed radio continuum. There should be a non-negligible amount of gas of lower ionization degree on the line of sight. The present results indicate that highly-ionized gas containing O 2+ contributes to a significant fraction of the radio continuum in the Carina region.
There are several positions with large electron density (n e > 100 cm −3 ) in the molecular cloud direction and in the surrounding region indicated by the present study. These may be attributed to density clumps. The positions of relatively high electron density in the molecular and surrounding regions are denoted as clump in the last column of Table 1 
ELD H II region
The present observations indicate the presence of lowdensity ionized gas around the Carina nebula, whose electron density is less than 100 cm −3 . The extended low density (ELD) ionized region was first investigated in detail by Mezger (1978) to account for the extended radio continuum emission from the Galactic plane. He suggested that the ELD H ii regions are created by overlapping of evolved and expanded photoionized regions surrounding early-type stars and estimated the electron density as about 3 cm −3 . The physical parameters of the ELD H ii region were, however, not well determined because of the difficulty in observations of the diffuse component. Recently the diffuse warm ionized medium (WIM) or the "Reynolds Layer" has been discovered in our Galaxy by optical emission line studies (Reynolds 1990; Kulkarni & Heiles 1988) . It has been shown that a large fraction of the Galaxy contains fully ionized gas of 8000 K with an electron density of approximately 0.2 cm −3 . Low ionization lines, such as [S ii] λ6716 and [N ii] λ6587, have been widely detected in the WIM and they have been used for the study of the properties of the WIM (e.g., Haffner et al. 1999 and references therein), while a high ionization line of [O iii] λ5007 is quite weak and has been detected only at two positions in the Galactic disk (Reynolds 1985) . Latest studies suggest the presence of external heat sources in the Galactic halo to explain the spatial distribution and strength of these emission lines (Reynolds 1997; Reynolds et al. 1999) . The Galactic disk, however, may be opaque to the optical lines and thus FIR lines are a useful means to study the diffuse ionized gas in the disk over the Galactic scale. COBE/FIRAS observations have detected low-ionized diffuse [N ii] 122 µm and 205 µm lines and suggested that they come from the low-density diffuse ionized gas (Wright et al. 1991; Bennet et al. 1994 ). The present observations detected the FIR lines of highlyionized ions in the diffuse gas in the Galactic disk. The electron density (n e ∼ 50 cm −3 ) derived in the present observations is significantly large compared to those estimated for the WIM or Reynolds Layer, suggesting that the detected highly-ionized diffuse gas may be a new class of the ISM components.
The WIM or the diffuse ionized gas (DIG) has been detected by optical observations also in external galaxies (for reviews, Dettmar 1992; Walterbos & Braun 1996) . In some galaxies a strong [O iii] λ5007 line has been observed in contrast to our Galaxy (Wang et al. 1997; Martin 1997; Greenawalt et al. 1997; Rand 1998; Hoopes et al. 1999 ). The ionization and heating source for the DIG in galaxies is still an open question, but the DIG should play an important role in the energy balance in the ISM in galaxies (e.g., Hoopes et al. 1999; Otte & Dettmar 1999 Negishi et al. (2001) have suggested that the average electron density of the [N ii] emitting gas is about 35 cm −3 for their sample galaxies. The present observations, on the other hand, suggest that [O iii] 52 and 88 µm lines come from the ionized gas of slightly higher electron density spread over at least a tens-parsec scale in the Galactic plane.
The contribution of the ELD H ii region to the energy of the Galactic diffuse radiation may be significant in the diffuse interstellar medium. Shibai et al. (1991 Shibai et al. ( , 1996 and Nakagawa et al. (1998) for the surrounding region. The column number density of neutral hydrogen is estimated to be 1.4 × 10 22 cm −2 in the direction toward the Carina nebula based on H i 21 cm observations (Dickey & Lockman 1990 ). The diffuse [OIII] emitting gas represents about 1% in mass of the neutral component in the Carina nebula direction.
Heating sources
In the observed region, there are many young, massive stars, which are members of the Tr 14 and 16 clusters and are considered to be the main heating sources. Otype stars in this region have been compiled by Walborn (1973) . We investigate whether the ionizing photon in the region is supplied by these O-type stars. Hydrogen and helium atoms affect the ionizing radiation field and thus the calculation of photoionization of O + is not straightforward. We simply estimate the number of photons required to ionize hydrogen atoms in the nebula, in which all O + is assumed to exist. The Lyman-continuum (LyC) luminosity from O-type stars has been calculated by Vacca et al. (1996) . The total LyC photon luminosity from five O3V-type stars and one each of O3I, O5V, O5III, O6V, O6III, O6.5V, and O7V-type stars is calculated as 6.9 × 10 50 s
−1
if the absorption is neglected. The number of LyC photons required to produce the O 2+ region at each observed position, N LyC , may be estimated as
where α is the recombination coefficient of hydrogen (Spitzer 1978) , n e and n p are the densities of electron and proton, and Σ and D are the angular size of the area and the distance (= 2.7 kpc), respectively. We assume that the observed line intensities represent those of the corresponding grid area and set Σ = 3 ×3 . The density n p is assumed to be equal to n e . We adopt the recombination coefficient of 2.6 × 10 −13 cm 3 s −1 for case B of T e = 10 000 K from Osterbrock (1989) . The total number of LyC for the entire observed region is then estimated to be 5.4 × 10 49 s −1 . This is a lower limit because the extinction is neglected and because the hydrogen ionized region is more extended than O 2+ gas. However it seems unlikely that the estimate is too low by more than a factor of 10. The O-stars in the Carina nebula seem to supply a sufficient number of LyC photons to produce the observed O 2+ gas and external ionizing sources are not strongly called for.
Ionic abundance
The ratio of [N iii] 57 µm to [O iii] 52 µm can be derived by a similar calculation as Eq. (1), assuming that both ions exist in the same region of the constant temperature and density. The calculation shows that the ratio of [N iii] 57 µm to [O iii] 52 µm is almost constant as long as the electron density is less than 100 cm −3 and starts to decline for n e ≥ 100 cm −3 . Assuming that O and N are in the solar abundance and both are completely in the stage of O
2+
and N 2+ ions, the line ratio at the low density limit of T e = 7500 K is 0.34 and becomes 0.25 at n e = 200 cm −3 . The latter should be compared with the observed intensity ratio 0.27 of the optically bright region. For the surrounding region the observed ratio ranges 0.25-0.5. Thus the line ratio of [N iii] 57 µm to [O iii] 52 µm also supports the low electron density of the emitting gas. In the optically thin case, the observed line ratio indicates that the abundance ratio of N 2+ /O 2+ is approximately 0.19 in the core ionized gas. This is in agreement with those obtained in compact H ii regions at the galactocentric distance of 8 kpc (Roelfsema et al. 1998) . The extended component is also suggested to have a similar N 2+ /O 2+ abundance ratio to that in compact H ii regions at a similar galactocentric distance.
The good correlation between [O iii] and [N iii] (Fig. 4 ) suggests that this ratio indeed indicates the ion abundance directly. O + has a slightly higher ionization potential than that of N + . Simpson et al. (1995) and Stasińska & Schaerer (1997) have shown that the ratio of n(O 2+ )/n(O) to n(N 2+ )/n(N) is unity if the excitation temperature T ex of the source is sufficiently high and it decreases with decreasing T ex . Taking account of the fact that oxygen is more depleted than nitrogen in the ISM (Savage & Sembach 1996) and assuming the solar abundance, the observed ratio of n(O 2+ )/n(N 2+ ) to [n(O)/n(N)] gives a lower limit of the true ionization fraction. According to Simpson et al. (1995) and Stasińska & Schaerer (1997) , the observed ratio of 0.25-0.5 suggests that the excitation temperature of the ionizing source should be larger than 35 000 K and thus the ionizing radiation must be quite hard. The O-type stars in the Carina star clusters provide sufficiently hard radiation. If external heating sources are required, they must ionize oxygen to the O 2+ state efficiently.
Summary
We present the results of ISO/LWS observations of the diffuse interstellar medium around the star forming region, the Carina nebula. The observed region is an area of 40 × 20 enclosing two large H ii regions, Car I and II, which are heated by star clusters of Tr 14 and 16.
[O iii] 52, 88 µm and [N iii] 57 µm lines have been detected for almost all the observed positions. The present observations clearly show the existence of the extended highly-ionized low-density gas away from the optically bright region. The ratio of the [O iii] lines indicates that the electron density is 100-350 cm −3 for the bright ionized region and less than 100 cm −3 for the surrounding region. The mean electron density (∼50 cm −3 ) and intensity of the latter component suggests a filamentary structure of the ionized gas. The electron density of this component is larger than those derived for the WIM or Reynolds layer and the ionized gas detected in the present study may be a new class of component of the ISM. The present study shows the presence of highly-ionized low-density ionized gas directly by far-infrared spectroscopy in the Galactic disk for the first time. The results demonstrate the importance of far-infrared observations from cooled telescopes for the study of diffuse ISM. Further investigations including other lines are warranted to elucidate the nature of the diffuse ISM.
